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Motivation

» The recycling rate of atmospheric moisture is an
important index of the climate change.

» Spatial patterns of temporal variations in
precipitation, water vapor, and recycling rate will be
helpful to understand the hydrological cycle as a
response to the global warming, and provide
constraints for the climate models.



Data

I) Precipitation
1. Global Precipitation Climatology Project (GPCP) V2.1 -- Global
Spatial: 2.5°x 2.5°; Temporal: 1979-2009
2. Special Sensor Microwave Imager (SSM/I) V6 -- Ocean

Spatial: 0.25°x 0.25°; Temporal: 1988-present

II) Water Vapor
1. SSM/I V6 -- Ocean

Spatial: 0.25°x 0.25°; Temporal: 1988-present

2. Atmospheric Infrared Sounder (AIRS; Global) and Advanced
Microwave Scanning Radiometer (AMSR; Ocean) V5
Spatial: 1°x 1°; Temporal: 2002-present



Recycling Rate

Total Monthly Precipitation

Recycling Rate =
Mean Precipitable Water Vapor

[Chahine et al., 1997]



Precipitation and Water Vapor
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(A) Deseasonalized time series of oceanic precipitation from GPCP V2.1 and SSM/I.
(B) Deseasonalized time series of oceanic water vapor from SSM/I, AIRS, and AMSR-E.



Variations in Recycling Rate, Precipitation, and Water

Vapor
Recycling rate (R) is defined as the ratio between precipitation (P) and column water
vapor (W).
R=P/W (1)
So we have
InR=In(P/W)
= d(InR)/dt=d[InP —-1nW ]/dt
= (dR/dt)/IR =(dP/dt)/|P —(dW /dt)IW (2)

Therefore, during a time period we can approximate Eq. (2) as bellow
AR/R =AP/P - AW |W (3)



Trends in Precipitation and Water Vapor

Deseasonalized & Lowpass Filtered Timeseries

(A) P

SSM/I+GPCP: 0.26 = 0.41 %/decade
GPCP: 0.08 £ 0.43 %/decade
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Weak linear trend in precipitation is much smaller than the linear trend
(1.4 £ 0.5% per decade) in the previous study (Wentz et al., 2007).



Trends in Oceanic Precipitation, Water Vapor, and Recycling Rates

Deseasonalized & Lowpass Filtered Timeseries (Ocean)

SSM/I: 0.13 £ 0.63 %/decade
GPCP: 0.33 £ 0.54 %/decade
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Recycling 2 = (GPCP P)/(SSM/1 W)
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ENSO Signals have been removed by a multiple regression method.
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Trend in Recycling Rate

Recycling Rate1 = (SSM/I Precipitation)/(SSM/I H,0)
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Trends in Precipitation and Water Vapor

Precipitation

| ]

]"-dl‘ r
»
1"’"'

latitude

Iy
;
v '
'@ e
J
»
Y

b i
: éf?é"*‘ I
LA . M| 4

—_ O
<o oo

. -
o O

LA A RE A
| | |

PR AT,
L4 L iy
|

(L
| 1

|

|

P
AP/P (o o/decade)

0 30 60 90 120 150 180 210 240 270 300 330 360

|

| |

|

38_(8) conence biel> W% 4 D) confdence vel> 6
3 2 §
2 0 2 0
E 2 E ) -

40+ 40-

.60 | I T T T T T T T - : 60

0 30 60 90 120 150 180 210 240 270 300 330 360

longitude

latitude
~o
L 3

. .
L —

60
40+
20+
0

.o
L

60

Water Vapor
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Precipitation has increased (decreased) in the high (low) precipitation areas.
Magnitude of temporal variations is stronger in the precipitation than in the water

vapor.



latitude

Spatial Pattern of the Mean Precipitation for 1988-2008
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Temporal Variations of Precipitation over High & Low Precipitation Areas
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Conclusions

1) The oceanic recycling rate of atmospheric moisture has
decreased over the past two decades. Trend in the oceanic
precipitation is smaller than the trend in the oceanic water
vapor. AIRS global water vapor data can help better explore
the global recycling rate in the future.

2) Recycling rate has increased in the ITCZ and decreased in the
neighboring regions over the past two decades.

3) Temporal variation is stronger in precipitation than in water
vapor, which results to the positive (negative) trend of
recycling rate in the high (low) precipitation region.
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Thank you!
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